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OBJECTIVES To.review.pharmacokinetics.in.obese.children.and.to.provide.medication.dosing.recommendations.
METHODS EMBASE,.MEDLINE,.and.International.Pharmaceutical.Abstracts.databases.were.searched.using.
the.following.terms:.obesity,.morbid obesity,.overweight,.pharmacokinetics,.drug,.dose,.kidney function test,.
creatinine,.pediatric,.and.child..
RESULTS We. identified. 10. studies. in. which. the. authors. examined. drug. dosing. or. pharmacokinetics. for.
obese.children..No.information.was.found.for.drug.absorption.or.metabolism..Obese.children.have.a.higher.
percent.fat.mass.and.a.lower.percent.lean.mass.compared.with.normal-weight.children..Therefore,.in.obese.
children,.the.volume.of.distribution.of.lipophilic.drugs.is.most.likely.higher,.and.that.of.hydrophilic.drugs.
is.most.likely.lower,.than.in.normal-weight.children..Serum.creatinine.concentrations.are.higher.in.obese.
than.normal-weight.children..Total.body.weight.is.an.appropriate.size.descriptor.for.calculating.doses.of.
antineoplastics,.cefazolin,.and.succinylcholine.in.obese.children..Initial.tobramycin.doses.may.be.determined.
using.an.adjusted.body.weight,.although.using.total.body.weight.in.the.context.of.monitoring.serum.tobra-
mycin.concentrations.would.also.be.an.appropriate.strategy..We.found.no.information.for.any.of.the.opioids;.
antibiotics.such.as.penicillins,.carbapenems,.vancomycin,.and.linezolid;.antifungals;.cardiac.drugs.such.as.
digoxin.and.amiodarone;.corticosteroids;.benzodiazepines;.and.anticonvulsants..In.particular,.we.found.no.
information.about.medications.that.are.widely.distributed.to.adipose.tissue.or.that.can.accumulate.there..
CONCLUSIONS The. available. data. are. limited. because. of. the. small. numbers. of. participating. children,.
study.design,.or.both..The.number.and.type.of.drugs.that.have.been.studied.limit.our.understanding.of.the.
pharmacokinetics.in.obese.children..In.the.absence.of.dosing.information.for.obese.children,.it.is.important.
to.consider.the.nature.and.severity.of.a.child’s.illness,.comorbidities,.organ.function,.and.side.effects.and.
physiochemical.properties.of.the.drug..Extrapolating.from.available.adult.data.is.possible,.as.long.as.practi-
tioners.consider.the.effects.of.growth.and.development.on.the.pharmacokinetics.relevant.to.the.child’s.age..
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INTRODUCTION

The terms overweight and obese have no stan-
dardized definitions or classifications that pertain 
to children. In 1995, the World Health Organi-
zation (WHO) recommended using a weight-
for-height z-score >1 for overweight and >2 for 
obesity in children under 10 years of age.1 The 
International Obesity Taskforce and the United 

States Center for Disease Control, however, 
recommend using body mass index (BMI) as 
the main measure of overweight and obesity in 
children.1,2 BMI-for-age ≥ 85th percentile is used 
to define overweight, and ≥ 95th percentile is used 
to define obesity. 1,2 In the United States, the BMI 
reference charts from the National Health and 
Examination Surveys are used.3 Local population 
references are recommended when possible.3

In 2007, the WHO estimated that 22 million 
children under 5 years of age were overweight, 
with 75% of overweight and obese children liv-
ing in low-to-middle–income countries.4 The 
prevalence of childhood obesity is increasing; a 
doubling or tripling of the prevalence of child-
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ABBREVIATIONS. 1,25(OH)2D, 1,25-dihydroxyvitamin.
D;. 25(OH)D, 25-hydroxyvitamin. D;. ABW,. adjusted. body.
weight;.ACE, angiotensin.converting.enzyme;.ALL,.acute.
lymphoblastic.leukemia;.anti-HBs,.antibody.to.hepatitis.B.
surface.antigen;.AUC,.area.under.the.serum.concentration.
time.curve;.BMI,.body.mass.index;.BSA,.body.surface.area;.
CI,.confidence.interval;.CL,.clearance;.ED,.effective.dose;.
GFR,.glomerular.filtration.rate;.HPLC,.high.performance.
liquid. chromatography;. IBW,. ideal. body. weight;. IgG,.
immunoglobulin. G;. IV,. intravenous;. LBW,. lean. body.
weight;. OR,. odds. ratio;. NADPH, nicotinamide. adenine.
dinucleotide. phosphate;. SCr,. serum. creatinine;. SD,.
standard.deviation;.TBW,.total.body.weight;.t1/2,.half-life;.
Vd,.volume.of.distribution;.Vss,.volume.of.distribution.at.
steady.state;.WHO,.World.Health.Organization.

hood obesity from the 1970s to the end of the 
1990s was noted in Canada, the United States, 
Brazil, Chile, Australia, Japan, Finland, Germany, 

Greece, Spain, and the United Kingdom.3 Accord-
ing to United States data from 2003 to 2006, 12.4% 
of children age 2 to 5 years, 17% of children age 6 
to 11 years, and 17.6% of adolescents age 12 to 19 
years had a BMI ≥ 95th percentile for age.2

Overweight or obese children are more likely 
to have chronic diseases compared with normal-
weight children.5,6 Increasing BMI and waist 
circumference in children is also associated with 
higher triglycerides and lower high-density 
lipoprotein cholesterol.6 Other consequences of 
childhood obesity may include insulin resistance, 
type 2 diabetes, nonalcoholic fatty liver disease, 
polycystic ovary syndrome, asthma, obstructive 
sleep apnea, pseudotumor cerebri, gastroesopha-
geal reflux disease, cholecystitis, and orthopedic 
problems.7-10 Additionally, an association seems 
to exist between increased BMI and earlier on-
set of puberty.11,12 Many of the complications of 
childhood obesity may not be seen until the child 
becomes an adult.

There are many reviews of the pharmacokinet-
ics and drug dosing in obese adults.13-21 However, 
to our knowledge, no similar reviews regarding 
overweight or obese children have been pub-
lished. Similarly to adults, excess body weight in 
children likely leads to alterations in pharmaco-
kinetic parameters for many drugs. Overweight 
and obese children could, therefore, be at risk of 
toxicity or reduced therapeutic effect. The pur-
pose of this paper is to review pharmacokinetics 
in obese children and to provide drug dosing 
recommendations for obese children.

 

METHODS

EMBASE (1980–September 2009), MEDLINE 
(1950–September 2009), and the International 
Pharmaceutical Abstracts (1970–September 2009) 
databases were searched using the following 
search terms: obesity, morbid obesity, overweight, 
pharmacokinetics, drug, dose, kidney function test, 
creatinine, pediatric, and child. The search was 
limited to articles published in the English 
language. References of relevant citations were 
hand-searched. We included all articles in which 
authors reported on the impact of obesity or 
overweight on drug dosing, pharmacokinetics, 
or organ function in children.

RESULTS

Body Composition
Wells et al.22 examined body composition in 

overweight and obese children and compared 
it with age-matched and sex-matched controls. 
Overweight was defined as BMI > 85th percentile, 
and obesity was defined as > 95th percentile, us-
ing British 1990 reference data. The investiga-
tors measured body weight, total body water 
(by deuterium dilution), whole-body volume 
(by air-displacement plethysmography), and 
bone mineral content (by dual-energy X-ray ab-
sorptiometry). Data for the overweight children 
were not reported. The obese children (n=38), 
when matched with control children, were on 
average 3.9 cm taller (standard error 1.7 cm) and 
had significantly higher total body water, body 
volume, lean mass, fat mass, and bone-mineral 
content. These differences in body composition 
remained significant after adjusting for age, sex, 
and height. The mean age ± standard deviation 
(SD) of the children was 11 ± 2 years; however, 
accurate information on puberty development 
was missing. Obese children were found to have 
significant excesses in fat mass, lean mass, and 
bone mineral content in the trunk, arm, and leg 
compared with control children. Fat mass ac-
counted for 30% to 50% of total weight and 73% 
of excess weight in obese children. Most excess 
fat was found to be in the abdominal region. 
Obese children also had increased hydration of 
lean mass, which was previously reported by 
Battistini et al.23 and was attributed to increased 
extracellular water.

Pharmacokinetics and Drug Dosing in Obese Children
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General Pharmacokinetic Differences in Obese 
Children
Absorption

Drug absorption has not been shown to be 
modified in obese adults.14,17 To our knowledge, 
no information is available that compares drug 
absorption in obese and normal-weight children. 

Distribution
Drug distribution in obese adults is variable, 

depending on the drug studied. Drugs that are 
distributed in the extracellular fluid, such as 
aminoglycosides, have a larger absolute volume 
of distribution (Vd) but a smaller Vd per kg of 
total body weight (TBW) in obese adults as com-
pared with normal-weight adults.14,17 The Vd of 
lipophilic drugs is variable in obese adults.14,17

Distribution is also likely to be affected by 

obesity in children. Vd is important for the cal-
culation of drug loading doses. Factors that affect 
drug distribution include body composition, 
regional blood flow, and plasma protein bind-
ing.17 No information was found with respect 
to regional blood flow in obese children. Obese 
children have a higher absolute lean mass and 
fat mass than normal-weight children; however, 
the percentage of lean tissue calculated per kg of 
TBW is lower, and the percentage of fat tissue is 
higher in obese children than in normal-weight 
children.22 Therefore, it is possible that Vd ex-
pressed as a function of TBW for highly lipophilic 
drugs would be higher in obese compared with 
normal-weight children. Although it is possible 
that Vd/TBW for highly hydrophilic drugs 
would be lower in obese children—such drugs 
are more likely to distribute into the extracellu-

Case 1

A.5-year-old.male.(45kg.and.125.cm).has.septic.shock.when.he.is.admitted.to.the.pediatric.intensive.care.unit..He.is.
started.on.empiric.antibiotic.therapy.with.vancomycin.and.meropenem..Serum.creatinine.and.urea.are.0.7.mg/dL.
(65.micromol/L).and.15.1.mg/dL.(5.4.micromol/L),.respectively..What.empiric.vancomycin.dose.would.you.suggest?

Vancomycin.exhibits.time.or.area.under.AUC-dependent.killing..It.is.30%.to.50%.protein-bound,.distributes.well.into.
total.body.water.and.other.tissues,.and.is.eliminated.renally,.primarily.by.glomerular.filtration..In.adults,.it.is.total.
body.weight.(TBW).that.correlates.best.with.volume.of.distribution.(Vd).and.clearance.(CL);.empiric.dosing.that.is.
based.on.TBW.is.suggested.for.obese.adults..It.would,.therefore,.be.reasonable.to.empirically.dose.this.child.with.20.
mg/kg/dose.(900.mg)..To.determine.the.dosing.frequency,.we.need.to.consider.his.clearance..Using.the.Schwartz.
equation,.recognizing.that.it.has.not.been.validated.in.obese.children,.we.can.estimate.creatinine.clearance.at.95.
mL/min..Nomograms.and.equations.that.use.creatinine.clearance.to.guide.dosing.frequency.in.adults,.however,.
are.not.validated.in.children..This.child.likely.has.some.degree.of.renal.impairment..It.would.be.reasonable.to.dose.
vancomycin.every.8.hours.in.this.case..Serum.vancomycin.concentrations.will.be.necessary.to.help.guide.dosing;.2.
random.concentrations.1.hour.and.8.hours.after.the.first.dose.or.peak.and.trough.concentrations.at.the.third.dose.
would.be.appropriate.

On day 2 of admission, vancomycin concentrations return as follows: trough 5 mg/L (1/2 hour before 3rd 1-hour infusion 
dose) and peak 33 mg/L (1 hour after 3rd dose). You calculate the following pharmacokinetic parameters: Vd=17.5L (0.5 L/
kg TBW), k=0.3 h-1, half-life ( t1/2)=2 h. You adjust the vancomycin doses accordingly. On day 3 of admission, the tracheal 
aspirate comes back positive for extended-spectrum β-lactamase producing E coli, susceptible to meropenem and ami-
kacin. Vancomycin is discontinued, and you decide to add amikacin. What empiric dose would you suggest?

Amikacin,.like.other.aminoglycosides,.is.minimally.protein-bound,.distributes.mainly.in.extracellular.fluid,.and.is.
eliminated.primarily.by.glomerular.filtration.with.slight.tubular.secretion..In.obese.adults,.TBW.overestimates,.and.
ideal.body.weight.(IBW).underestimates.Vd..CL.of.aminoglycosides.is.larger.in.obese.adults.compared.with.normal-
weight.adults..The.adjusted.body.weight.(ABW).is.recommended.for.dosing.aminoglycosides.in.obese.adults:.ABW.=.
IBW.+.0.4.(TBW-IBW)..It.is.suggested.that.dosing.frequency.be.determined.on.the.basis.of.renal.function;.ABW.may.
be.used.in.the.Cockcroft-Gault.equation.to.estimate.GFR..In.the.small.study.of.5.obese.children,.CL.per.TBW.was.not.
different.between.obese.and.normal-weight.children;.however,.Vd.per.TBW.was.lower.in.obese.children..This.would.
suggest.providing.obese.children.with.the.same.total.daily.dose.on.a.mg/kg.TBW.basis.as.normal-weight.children;.
however,.we.should.be.cautious.in.applying.these.results..The.small.number.of.patients.and.the.extent.of.obesity.
(30%–78%).are.limitations.to.be.considered..If.we.are.to.use.ABW,.we.must.consider.that.there.is.no.standard.method.
for.calculating.IBW.for.obese.children..We.could.use.the.50th.percentile.weight.for.this.patient’s.height,.which.is.25.
kg..ABW.could.then.be.calculated.as.33.kg..This.patient.appears.to.be.eliminating.vancomycin.appropriately.despite.
a.SCr.concentration.that.is.above.the.reference.range.for.age..Therefore,.we.could.empirically.dose.amikacin.at.20.
mg/kg/day.ABW.divided.every.8.hours.(220.mg.every.8.hours)..Regardless.of.the.method.chosen.for.empiric.dosing,.
serum.concentrations.should.be.obtained.to.individualize.dosing.in.obese.children.

JG Kendrick, et al
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lar fluid—the relationship between Vd and the 
increased hydration of lean mass observed in 
obese children is unknown. Tobramycin volume 
of distribution at steady state (Vss) per TBW was 
found to be lower in a group of 5 obese children 
when compared with 6 historical normal-weight 
controls.24 In the same study by Koshida et al.24, 
cefazolin Vss/TBW, however, was found to be 
similar between obese children and normal-
weight controls. Both tobramycin and cefazolin 
are water-soluble drugs that distribute well into 
most tissues.25 

The major plasma proteins involved in drug 
binding are albumin and α1-acid glycoprotein.17 
Koshida et al.24 found no significant difference in 
incidence of protein binding of cefazolin—which 
is bound to albumin—between obese children 
and normal-weight historical controls (range, 
79%–83% vs 75%–82%, respectively). In our 
search of the medical literature, we did not iden-
tify other information to characterize the effect of 
obesity on plasma protein binding (i.e., albumin, 
α1-acid glycoprotein, or liproproteins) in children.

Metabolism
It is difficult to measure the extent of hepatic 

drug metabolism. The clearance (CL) of antipy-
rene, a marker for oxidation, is similar in obese 
and normal-weight adults.17 However, the CL of 
some drugs that are primarily metabolized by 
oxidation is increased in obese adults.14 Conju-
gation of lorazepam and oxazepam is increased 
in obese adults.14 The influence of obesity on the 
major phase 1 (e.g., oxidation) and phase 2 (e.g., 
conjugation, sulfation, and acetylation) metabolic 
pathways in children is not known.

The only information that we identified about 
metabolism in obese children comes from a 
case report by Ritzmo et al.26 of a 14-year-old, 
morbidly obese male who received doxoru-
bicin as part of his chemotherapy treatment. 
Doxorubicin is metabolized to doxorubicinol by 
nicotinamide adenine dinucleotide phosphate 
(NADPH)-dependent aldoketoreductases, which 
are present in erythrocytes, the liver, and the 
kidneys. Doxorubicin also undergoes sulfation 
and glucuronidation.25 In the case report, plasma 
doxorubicin and doxorubicinol concentrations 
were measured. Doxorubicinol concentration, 
as a function of doxorubicin concentration, was 
between 5.8% and 9.3%, which was similar to 
values reported in the medical literature.26

Excretion
Clearance is important for the calculation of 

maintenance doses. For drugs that are eliminated 
renally, the effect of obesity on glomerular filtra-
tion, tubular secretion, and tubular reabsorption 
will be important. No information was found 
about tubular secretion and tubular reabsorption 
in obese adults or children. The Salazar-Corcoran 
equation has been validated for the estimation of 
glomerular filtration rate (GFR) in obese adults, 
which is known to be higher than the rate in 
normal-weight adults.14 The Counahan-Barratt, 
the Schwartz, and the Leger equations have been 
developed and validated for the estimation of 
GFR in children, with the Schwartz equation 
being the most widely used.27 The Counahan-
Barratt28 and the Schwartz29 equations include 
height in the calculation. The Leger30 equation in-
cludes both weight and height in the calculation. 
Schwartz et al.31 also developed and validated 
an equation to apply to children with chronic 
kidney disease; the equation incorporates height 
in the calculation. However, these equations have 
not been validated for the estimation of GFR in 
obese children.

Kasap et al.32 retrospectively evaluated the role 
of obesity and overweight status on renal func-
tion and cyclosporine concentrations in 27 ado-
lescent renal transplant recipients. Normal-weight 
was defined as BMI < 85th percentile, overweight 
was defined as BMI 85th to 95th percentile, and 
obese was defined as BMI > 95th percentile. GFR 
was calculated using the Schwartz formula: k 
× height (cm)/serum creatinine concentration 
(mg/dL). Data were grouped according to the 
BMI at any given visit. The results indicated that 
there were 706 normal-weight visits and 72 obese 
and overweight visits (30 of the latter were obese 
visits). The mean ± SD serum creatinine (SCr) 
concentration was significantly higher in the 
obese-only visits (1.57 ± 0.25 mg/dL; p=0.001) 
and the combined obese and overweight visits 
(1.76 ± 0.33 mg/dL; p<0.001) compared with 
the normal-weight visits (1.36 ± 0.36 mg/dL). 
The mean ± SD calculated GFR was thereby sig-
nificantly lower in the obese-only visits (62.67 ± 
7.6 mL/min; p<0.001) and the combined obese 
and overweight visits (58.54 ± 7.82 mL/min; 
p=0.037) than the normal-weight visits (78.04 ± 
37.53 mL/min). Of note, the cyclosporine trough 
concentrations in normal-weight visits were not 
significantly different from those in obese visits 

Pharmacokinetics and Drug Dosing in Obese Children
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and combined obese and overweight visits. Some 
limitations to this study include (1) not correct-
ing for multiple analyses, (2) the comparison of 
obese and normal-weight visits instead of obese 
and normal-weight children, and (3) lack of 
consideration for potential confounders, which 
could have included graft function and fluid 
balance. It is possible that children were misclas-
sified as overweight or obese if they were fluid 
overloaded, which could result from a reduction 
in renal function.

Cindik et al.33 prospectively measured mark-
ers of renal function and inflammation in 65 
otherwise healthy obese children and 20 oth-
erwise healthy normal-weight children. Obese 
was defined as BMI > 95th percentile and normal-
weight was defined as BMI < 85th percentile. 
Serum creatinine, blood urea nitrogen, and 16 
other laboratory parameters were measured. 
GFR was calculated using the Leger formula: 
[56.7 × weight (kg)] + [0.142 × height2 (cm2)]/SCr 
(micromol/L). The mean age ± SD was lower in 
the obese children (11.3 ± 2.8 years) than in the 
normal-weight children (12.5 ± 3.1 years). The 
mean ± SD SCr concentration was not signifi-
cantly different between the obese and normal-
weight children (0.6 ± 0.2 mg/dL vs 0.5 ± 0.1 mg/
dL; p=0.52). The mean ± SD calculated GFR was 
not significantly different between the obese and 
normal-weight children (141.8 ± 48.2 mL/min vs 
118.6 ± 28.4 mL/min; p=0.09).

Koshida et al.24 measured the CL of tobramycin, 
which is eliminated primarily via glomerular 
filtration. Tobramycin CL expressed as a function 
of TBW was not significantly different between 
5 obese children and 6 historical normal-weight 
controls (1.49 ± 0.22 mL/min/kg vs 1.82 ± 0.29 
mL/min/kg; p>0.05). There remains to be a 
validated estimate of GFR in obese children. It 
appears that SCr concentration in obese chil-
dren may be higher or no different from that in 
normal-weight children.

Dosing Weight
Mainly, dosing medication in children is based 

on 1 of the following approaches or components: 
age, allometric scaling, body surface area, or 
weight.34 Age-based dosing, although simple 
to use, would not account for pharmacokinetic 
variability within a given age group.34 Allometric 
scaling relates physiologic function and morphol-
ogy to body size.34 This method, although used 

in animal pharmacokinetic studies, is impractical 
for clinical use. Dosing based on body surface 
area (BSA) is used for the calculation of chemo-
therapy doses. BSA is usually calculated using 
the Mosteller35 equation: BSA = {[height (cm) × 
weight (kg)]/3600}.1/2 Weight-based dosing is the 
most commonly used method for calculating the 
doses of other types of drugs in children. 

Several descriptors of body weight exist, 
including TBW, ideal body weight (IBW) and 
adjusted body weight (ABW). For adults, IBW 
is derived from life insurance tables or from 
the Devine estimation.36 For children, there is 
no standard method for determining IBW. The 
McLaren method, which uses the 50th percentile 
for height, is most commonly used.37 The Moore 
method uses the corresponding weight percentile 
for height.37 The BMI method uses the following 
equation: IBW (kg) = (BMI 50th percentile for 
age × height [m2]).37 In the case report of a mor-
bidly obese male, the 95th percentile of weight for 
height was used to estimate IBW.26 An ABW is 
used commonly for dosing aminoglycosides for 
obese adults and is calculated as IBW + 0.4 (TBW-
IBW).13,17 To our knowledge, ABW has not been 
tested using children; however, Koshida et al.24 
used ABW in their estimation of tobramycin Vss.

Green et al.36 reviewed the medical literature 
to determine the best size descriptor to be used 
in pharmacokinetic studies involving obese 
adults. Over 30 drugs were reviewed, including 
chemotherapy, low-molecular weight heparins, 
antibiotics, opioids, and antiepileptics. The size 
descriptors studied included BMI, BSA, IBW, fat-
free mass, lean body weight (LBW), ABW, TBW, 
and predicted normal weight. LBW, although 
occasionally used interchangeably with IBW, is 
actually defined as TBW minus the product of 
fractional fat mass and TBW. In the Green et al. 
study, the authors concluded that TBW was the 
best size descriptor for Vd, and LBW was the best 
size descriptor for CL in pharmacokinetic studies.

When calculating drug doses on the basis of the 
body weight of obese children, it is important to 
consider what is known of the pharmacokinetics 
and dosing of the given drug in this population 
(see next section). It is possible that using TBW 
could result in a supratherapeutic dose and using 
IBW could result in a subtherapeutic dose for some 
drugs. Regardless of the dosing weight used, it is 
important to consider drug dosing in obese adults 
and the recommended adult maximum doses.

JG Kendrick, et al
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Specific Agents and Pharmacokinetic Differences 
in Obese Children

Anesthetic Agents
Although several reviews have discussed the 

potential morbidity associated with anesthesia 
in obese children, there are no pharmacokinetic 
studies of anesthetic agents in this population.38-40 
In addition, although there is no information to 
guide dosing of anesthetic agents in obese chil-
dren, it is likely that the effectiveness and safety 
of these agents can be monitored clinically. 

Antibiotics
Cefazolin

Cefazolin is a water-soluble antibiotic that is 
distributed widely and is 90% unchanged in 
eliminated urine.25 Cefazolin, like other β–lac-
tams, exhibits time-dependent killing. Koshida 
et al.24 recruited 5 obese children (1 female and 4 
males) for their pharmacokinetic study of tobra-
mycin and cefazolin. The mean age was 6.8 years 
(range, 22 months–9.4 years). Four of the children 
were hospitalized for examination of obesity, and 
one child was hospitalized for a coronary aneu-
rysm due to Kawasaki disease. The children were 
otherwise healthy and had normal kidney and 
liver function. Two of the children were identical 
twins. The authors calculated the children’s IBW 
according to a Japanese nomogram and deter-
mined the children’s extent of obesity (mean, 
63%; range, 30%–78%). A single dose of cefazo-
lin 25 mg/kg, based on the mean of TBW and 
IBW, was infused over 30 minutes, and serum 

concentrations were obtained at 30, 50, 70, 90, 
110, 130, 160, 190, 220, and 280 minutes after the 
start of the infusion. Serum cefazolin concentra-
tions were determined using high-performance 
liquid chromatography (HPLC) with ultraviolet 
detection. The authors used noncompartmental 
analysis and calculated the area under the serum 
concentration time curve (AUC) using the trap-
ezoidal rule. The authors calculated Vss per TBW, 
CL per TBW, and half-life (t1/2) and compared 
these parameters with those of 6 normal-weight 
children from a previous study.40 No significant 
difference existed between the obese children 
and the normal-weight children for Vss/TBW 
(135 ± 18 vs 133 ± 15 mL/kg; p>0.05), CL/TBW 
(0.96 ± 0.14 vs 1.02 ± 0.14 mL/min/kg; p>0.05), 
or t1/2,(100 ± 18 vs 95 ± 25 min; p>0.05). Protein 
binding of cefazolin in obese children (79% and 
83%) was comparable to values in the normal-
weight children (75%–82%). The findings of this 
small study indicate that the pharmacokinetic 
parameters of cefazolin are not altered in obese 
children and that dosing should be based on total 
body weight.

Tobramycin
Tobramycin is a water-soluble antibiotic that 

distributes mainly in the extracellular fluid and 
is eliminated primarily by glomerular filtration.25 
It exhibits concentration-dependent killing. In the 
same study by Koshida et al.24 noted in the last 
paragraph, a single dose of tobramycin (2 mg/kg), 
based on a mean of TBW and IBW, was infused 

Case 2

A.14-year-old.male.(140.kg.and.167.cm).presents.to.your.hospital.with.headache.and.increasing.confusion.over.the.
course.of.the.last.24.hours..His.temperature.is.40˚C..While.in.the.emergency.department,.the.patient.has.2.gener-
alized.seizures,.which.respond.to.4.mg.of.IV.lorazepam..The.decision.is.made.to.initiate.vancomycin,.cefotaxime,.
acyclovir,.and.phenytoin..What.loading.and.maintenance.doses.of.phenytoin.would.you.suggest?

Phenytoin.has.a.high.bioavailability.but.saturable.absorption.with.(single).oral.doses.above.400.mg..It.is.approxi-
mately.90%.bound.to.albumin.and.distributes.rapidly.into.the.brain.after.an.intravenous.bolus..In.obese.adults,.the.
volume.of.distribution.is.larger.than.in.normal-weight.adults,.both.when.expressed.as.an.absolute.value.and.as.a.
function.of.TBW..For.this.reason,.loading.doses.are.calculated.using.ABW.=.IBW.+.1.33.(TBW-IBW),.which.exceeds.
dosing.based.on.TBW..Clinicians.may,.however,.provide.more.conservative.loading.doses.in.very.obese.patients,.
depending.on.the.clinical.situation..In.this.adolescent.patient,.it.would.be.appropriate.to.calculate.IBW.on.the.basis.
of.the.adult.calculations.(e.g.,.Devine.method)..The.IBW.would.be.63.kg,.and.the.ABW.would.be.165.kg..On.the.basis.
of.an.empiric.loading.dose.of.15–20.mg/kg,.this.patient.would.receive.upwards.of.2400.mg..We.could,.therefore,.
provide.a.smaller.loading.dose.of.1500.mg.and.assess.the.clinical.condition..If.there.is.no.seizure.activity.after.this.
dose,.we.could.check.a.peak.serum.concentration.1.hour.after.the.end.of.the.infusion..If.seizure.activity.recurs,.we.
may.consider.providing.the.remainder.of.the.loading.dose.(e.g.,.1000.mg).and.then.check.a.serum.concentration..
In.obese.adults,.phenytoin.CL.is.higher,.and.t1/2.is.prolonged.compared.with.normal-weight.adults.62.Maintenance.
doses.based.on.IBW.are.recommended..Therefore,.we.could.provide.this.patient.with.a.maintenance.dose.of.6.mg/
kg.IBW.(400.mg).once.daily.
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over 30 minutes, and serum concentrations were 
obtained at 10, 30, 50, 70, 90, 120, 150, 180, and 
240 minutes after the start of the infusion. Tobra-
mycin serum concentrations were determined 
by fluorescence polarization immunoassay. The 
authors used noncompartmental analysis and 
calculated the AUC using the trapezoidal rule. The 
authors calculated Vss per TBW, CL per TBW, and 
t1/2 and compared these parameters with the six 
normal-weight children from a previous study.40 
No significant difference existed between the 
obese children and the normal-weight children for 
CL/TBW (1.49 ± 0.22 vs 1.82 ± 0.29 mL/min/kg; 
p>0.05) or t1/2(100 ± 23 vs 113 ± 29 min); however, 
Vss/TBW (197 ± 26 vs 263 ± 40 mL/kg; p<0.05) 
was significantly lower for the obese children as 
compared with the normal-weight children. The 
authors also formulated an equation for predicting 
the Vss of tobramycin in obese children based on 
their previous work in normal-weight children 
and on the assumption that the extracellular water 
content of adipose tissue is 40% of that of other 
tissues: Vss = 0.261 × {IBW(kg) + 0.4 × [TBW(kg) 
– IBW(kg)]}. The mean difference between the 
predicted Vss based on the equation and the actual 
Vss for the obese children was 6.8%.

On the basis of this small study, it appears that 
tobramycin’s pharmacokinetic parameter of CL 
per TBW is not altered in obese children. This 
would suggest that the total daily dose on a mg/
TBW basis would be the same for normal-weight 
and obese children. This is different from what 
has been found in adults, for whom dosing for 
aminoglycosides is based on ABW = IBW + 0.4 
(TBW-IBW).12,16 Given that tobramycin’s Vss per 
TBW is lower in obese children compared with 
normal-weight children, the loading dose of to-
bramycin would be different on a mg/TBW basis. 
Although the authors did not find a difference 
in t1/2 in the obese as compared with normal-
weight children, possibly, the sample size was too 
small and the variability was too large to detect a 
difference. Given that tobramycin serum concen-
trations can be readily measured and interpreted 
in clinical practice, it seems reasonable to empiri-
cally dose tobramycin in obese children on the 
basis of TBW or ABW, taking into consideration 
extent of obesity, renal function, and severity of 
illness being treated; also, doses can be adjusted 
according to serum concentrations. This should 
apply equally to other aminoglycosides such as 
gentamicin and amikacin. 

Antihypertensives
Angiotensin-Converting Enzyme Inhibitors and Angio-
tensin II Receptor Blockers

Hanafy et al.42 retrospectively reviewed the 
medical records of 263 pediatric patients treated 
for renal diseases (e.g., chronic renal failure, 
glomerulonephritis, nephritic syndrome); anti-
hypertensive therapy was routinely prescribed 
for these patients. According to the records, 48 
patients were treated with a calcium channel 
blocker, angiotensin II receptor blocker , or an-
giotensin converting enzyme (ACE) inhibitor. 
Hypertension was defined as blood pressure ≥ 95th 
percentile for corresponding age, sex, and height. 
Obesity was defined as BMI ≥ 95th percentile for 
children of corresponding age and sex for chil-
dren 2 to 18 years and weight ≥ 95th percentile 
for children of corresponding age and sex for 
children < 2 years. The investigators compared 
25 obese and 23 normal-weight children. The 
mean age was 8 years (range, 0.17–16 years), and 
height was similar between groups. Fifteen obese 
and 10 normal-weight children were receiving 
corticosteroid therapy. Renal function was not 
compared between groups. More males were in 
the obese group (84%) than in the normal-weight 
group (52%). Mean doses of medications, as 
expressed as mg/m2, were not statistically dif-
ferent between groups. The authors categorized 
patients as responders and nonresponders on the 
basis of a reduction in systolic and/or diastolic 
blood pressure > 10% from baseline and used 
multivariate logistic regression to test the effects 
of age, sex, obesity, nephrotic syndrome, and 
corticosteroid use. The authors also compared 
the percentage reduction in blood pressure from 
baseline between the obese and normal-weight 
groups.

Eight children in the Hanafy et al.42 study 
received ramipril, and 7 children received other 
ACE inhibitors (i.e., captopril or enalapril) or 
ARBs (e.g., losartan). Nine of these children 
received combination therapy with a calcium 
channel blocker. The mean doses of ramipril in 
the obese vs normal-weight group were 5.6 ± 
1.9 vs 7.7 ± 1 mg/m2 (p=0.36). The mean doses 
of other ACE inhibitors or ARBs, as expressed 
as enalapril equivalents, in the obese vs normal-
weight group were 5 ± 0.9 vs 4.9 ± 3.7 mg/m2 
(p=0.97). None of the tested covariates, including 
obesity, were found to have a significant effect 
on response to ACE inhibitors and ARBs. Ad-
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ditionally, the percentage reduction in systolic 
blood pressure due to ACE inhibitors and ARBs, 
either alone or in combination with CCBs, was 
not significantly different between the obese 
and normal-weight groups. The small number 
of patients receiving ACE inhibitors or ARBs is 
a limitation to this study; however, the results 
suggest that obese and normal-weight patients 
receiving similar doses of ACE inhibitors or ARBs 
on a mg/m2 basis may have a similar reduction 
in blood pressure.

Calcium Channel Blocker
In the same study by Hanafy et al.41, 9 children 

received amlodipine, 24 children received short-
acting nifedipine, and 9 children received long-
acting nifedipine. Nine of these children received 
combination therapy with an ACE inhibitor or 
angiotensin II receptor blocker. The mean doses 
of amlodipine in the obese vs normal-weight 
group were 8.3 ± 2.5 vs 6.9 ± 1.2 mg/m2 (p=0.6). 
The mean doses of nifedipine in the obese vs 
normal-weight group were 9.6 ± 1.9 vs 10.7 ± 
2.4 mg/m2 (p=0.73) for the short-acting form 
and 56 ± 15.8 vs 77.2 ± 34 mg/m2 (p=0.56) for 
the long-acting form. Of the covariates tested, 
obesity had a significant effect on systolic blood 
pressure response to CCBs (odds ratio [OR] 12.26; 
confidence interval [CI] 1.2-122), and cortico-
steroid use had a significant effect on diastolic 
blood pressure response to CCBs (OR 15.1; CI 
1.3-176). The systolic blood pressure response to 
CCBs was 12.5% in the obese group and 52.9% 
in the normal-weight group (p<0.05). The results 
suggest that obese children may not respond as 
well as normal-weight children to similar mg/
m2 doses of CCBs and may require higher doses 
to achieve blood pressure control.

Chemotherapeutic Agents
Antineoplastics

Controversy exists regarding the best size 
descriptor for calculating the doses of chemo-
therapy in obese patients. By convention, TBW 
is used to calculate BSA; however, in oncology 
practice, providers are often concerned that using 
an obese patient’s TBW to calculate BSA could 
result in high doses and toxicities. On the other 
hand, there is also concern that using an obese pa-
tient’s IBW or LBW to calculate BSA could result 
in underdosing, leading to less effective therapy.43 
In obese adults, BSA calculated using TBW was 

found to be an appropriate strategy for most 
chemotherapeutic agents, as determined by com-
paring predicted AUC for obese adults to mean 
AUC in normal-weight controls.43 Additionally, 
a recent review concluded that chemotherapy 
dosing based on TBW in obese adults was not as-
sociated with higher toxicity or worse outcomes 
when compared with normal-weight adults.44 
Retrospective studies in women with breast can-
cer have found that obese adults were more likely 
to receive a lower chemotherapy dose, which was 
associated with decreased disease-free survival 
compared with normal-weight adults.44

Baillargeon et al.45 compared chemotherapy 
dose calculations for obese and normal-weight 
children in a cohort of 199 children who were 2 
years of age and older and were treated for acute 
lymphoblastic leukemia (ALL). A total of 16.2% 
of the cohort was obese, as defined by a BMI ≥ 
95th percentile. Chemotherapy dose modification 
was determined using the ratio of the actual L-
asparaginase dose administered at induction to 
the calculated dose using the conventional BSA 
algorithm that is based on TBW. Compared with 
the dose modification for normal-weight children 
(1.00 ± 0.04), the dose modification for obese 
children (0.93 ± 0.11) was significant (p<0.009). 
This indicates that obese children received mean 
chemotherapy doses that were 7% lower than 
the protocol-specified dose. Outcomes were not 
reported in this study.

In contrast to the study just noted, a retrospec-
tive review by Hijiya et al.46 compared safety and 
efficacy outcomes between obese and normal-
weight children who received treatment for ALL. 
No significant difference existed on the basis of 
BMI in the rate of complete remission, overall 
survival, or cumulative incidence of relapse. 
Also, no difference existed on the basis of BMI in 
the frequency of grade 3 or 4 toxicity. All children 
received chemotherapy doses that were based 
on BSA calculated using TBW. Pharmacokinetic 
parameters were also compared and are reported 
below.

Busulfan
Dupuis et al.47 retrospectively examined their 

busulfan dose adjustments made for 38 children 
0.17 to 17.5 years of age (median 5.7 years). 
Children received an oral or nasogastric dose 
of busulfan (40 mg/m2) that was based on BSA 
calculated from TBW. Busulfan whole blood 
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concentrations were obtained at 1, 1.5, and 6 
hours after the dose and analyzed by using gas 
chromatography with electron capture detection. 
The AUC was calculated on the basis of a limited 
sampling strategy the authors had previously 
developed: AUC = 45C1h +15C1.5h +270 C1.5h /(lnC 

1.5h–lnC6h). The busulfan dose was then adjusted, 
with the assumption of a linear relationship be-
tween dose and AUC, to achieve a target AUC 
between 900 and 1400 microM/min. Subsequent 
doses were given every 6 hours for a total of 16 
doses. Dose reductions were required for 59% 
of children and dose increases were required for 
28% of children. Most of the dose reductions were 
for children > 5 years of age (78%), and most of 
the dose increases were for children > 5 years of 
age (82%). The authors reported that the final bu-
sulfan dose was not different for children whose 
TBW was greater than their IBW. Therefore, the 
findings of the Dupuis et al.47 suggest that initial 
busulfan doses should be based on the BSA cal-
culated using a child’s TBW. The authors later 
reported an error in their assay that may have 
led to falsely high concentrations and improperly 
calculated AUC.48

Cytarabine
Hijiya et al.46 conducted a retrospective review 

of 621 children older than 1 year who received 
treatment for ALL; the study was conducted to 
determine the influence of BMI on the outcome, 
toxicity, and pharmacokinetics of chemotherapy. 
Children 2 years and older were classified as un-
derweight if BMI < 10th percentile, normal-weight 
if BMI ≥ 10th percentile, and < 85th percentile, risk 
of overweight if BMI ≥ 85th percentile and < 95th 
percentile and overweight if BMI ≥ 95th percentile. 
Children 1 to 2 years of age were classified using 
the weight-for-length percentiles instead of BMI 
percentiles. All children received chemotherapy 
doses on the baiss of TBW or BSA calculated us-
ing TBW. Pharmacokinetic data were available 
for cytarabine, methotrexate, teniposide, and 
etoposide and had been previously reported.48-50 
Clearance for each child was calculated using the 
elimination rate constant (ke) and the Vd, and 
then a linear mixed effects model was used to 
analyze the population pharmacokinetics. The 
authors reported that children had their dos-
age of cytarabine, methotrexate, or teniposide 
adjusted on the basis of drug CL. In their phar-
macokinetic analysis, the authors adjusted for 

the known confounders of age (< 10 years or ≥ 10 
years), course of treatment, and study protocol. 
The mean CL of cytarabine was not significantly 
different among the normal-weight (773.8 mL/
min/m2), risk of overweight (645.1 mL/min/
m2), and overweight children (782.9 mL/min/
m2; p=0.56). This finding suggests that it is ap-
propriate to dose cytarabine on the basis of BSA 
calculated using TBW. Results for methotrexate, 
teniposide, and etoposide are reported below.

Doxorubicin
Ritzmo et al.26 reported a morbidly obese 

14-year-old male who had Hodgkin’s disease 
who received treatment with doxorubicin and 
etoposide (see next section for etoposide). This 
child weighed 137 kg and was 172 cm tall; his 
calculated BMI was 46.3 kg/m2. The actual BSA, 
calculated on the basis of TBW, was 2.56 m2. The 
upper limit of the expected body weight for 
height was used to calculate an adjusted BSA 
of 1.91 m2. Doses of doxorubicin and etoposide 
were calculated on the basis of the adjusted BSA. 
The child received 40 mg/m2 of doxorubicin (cor-
responding with 30 mg/m2 actual BSA) over 4 
hours on days 1 and 15 for the first course and 
again on days 1 and 15 for another course ad-
ministered 2 weeks later. Plasma concentrations 
of doxorubicin and its metabolite, doxorubicinol, 
were measured just before the end of infusion on 
day 15 of the first course and days 1 and 15 of the 
second course; the concentrations were quanti-
fied by using reverse-phase liquid chromatogra-
phy with fluorometric detection. The pharmaco-
kinetics of doxorubicin were evaluated using a 
limiting sampling strategy and were compared 
with previously published doxorubicin concen-
trations from 37 children (mean age, 5.5 years; 
mean doxorubicin dose, 19.7 mg/m2).52 The plas-
ma concentration and calculated plasma CL for 
doxorubicin were noted as the following: day 1 
of the first course (202 ng/mL; 425 mL/min/m2), 
day 1 of the second course (181 ng/mL; 476 mL/
min/m2), and day 15 of the second course (162 
ng/mL; 532 mL/min/m2). The median plasma 
CL was 476 mL/min/m2, which was similar to 
the published value of 493 mL/min/m2 (range, 
197-869 mL/min/m2) in normal-weight children. 
The authors stated that the plasma doxorubicinol 
concentrations were within the normal range of 
5% to 10% of intact doxorubicin: 11.8 ng/mL on 
day 1 of the first course and, in the second course, 
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16.9 ng/mL on day 1 and 14.2 ng/mL on day 15. 
Unfortunately, complete sampling to determine 
the AUC of doxorubicin was not possible for this 
child, and the authors had to use a limited sam-
pling strategy that was not validated for obese 
children. The authors reported that the therapy 
was well tolerated and that no specific toxicities 
were observed. The calculated CL suggests that 
this child could have received doxorubicin doses 
on the basis of the BSA calculated using his TBW.

Thompson et al.53 enrolled 22 patients in their 
pharmacokinetic study who were receiving 
doxorubicin over 1 or 2 days as part of their 
chemotherapy regimen. Height and weight were 
measured, and body composition was analyzed 
using dual energy X-ray absorptiometry. Patients 
were classified as overweight if their BMI was > 
85th percentile for age. For patients who received 
doxorubicin on 1 day, blood samples were drawn 
at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and, when feasible, 
24 and 48 hours. For patients who received doxo-
rubicin on 2 days, blood samples were drawn at 
0, 0.5, 1, 2, 4, and 6 hours on day 1 and at 0, 0.5, 
1, 1.5, 2, 4, 6, 8, 12, and, when feasible, 24 and 48 
hours. Samples were assayed for doxorubicin and 
doxorubicinol using HPLC. All calculated phar-
macokinetic parameters were scaled to BSA. The 
median age was 15 years (range, 3.3-21.5 years), 
median weight was 51.5 kg (range, 12.4 kg-80 kg), 
body fat 25 % (range, 15%-36%). Six patients had 
body fat > 30%, and 2 patients were classified 
as overweight. No statistical difference in mean 
doxorubicin CL or Vd was identified between 
patients with > 30% body fat and patients who 
had < 30% body fat. The apparent mean doxo-
rubicinol CL and Vd were lower in the patients 
who had < 30% body fat: 37.2 ± 14.9 L/h/m2 vs 
64.8 ± 35.1 L/h/m2 (p=0.03) for CL and and 802 
± 503 L/m2 vs 1450 ± 654 L/m2 for Vd (p=0.02). 
No statistical difference in mean doxorubicin CL 
or Vd and mean apparent doxorubicinol CL or 
Vd were identified between overweight patients 
and normal-weight patients. The findings of this 
study, although limited because of the small 
number of overweight patients, support dosing 
doxorubicin on the basis of the BSA calculated 
using his TBW. The extent of overweight was not 
described for these patients.

Etoposide
In the retrospective review by Hijiya et al.,46 

no significant difference existed in mean CL of 

etoposide among the normal-weight (48.7 mL/
min/m2), at-risk-of-overweight (48.4 mL/min/
m2), and overweight (50.2 mL/min/m2) children 
(p=0.41). In the case report by Ritzmo et al.26, the 
morbidly obese male received etoposide 125 mg/
m2 (corresponding to 94 mg/m2 actual BSA) over 
2 hours on days 3 to 7. Plasma concentrations of 
etoposide were measured on day 3 immediately 
prior to the dose and at 1, 2, 3, 6 and 12 hours after 
the end of the infusion and quantified by reverse-
phase liquid chromatography with fluorometric 
detection. The pharmacokinetics of etoposide 
were evaluated by compartmental analysis and 
compared with previously published values for 
16 normal-weight children (mean age 8.3 years 
and mean etoposide dose 130 mg/m2).54 The 
child’s plasma CL of etoposide was 16.1 mL/
min/m2, which was similar to the published 
median CL of 14.9 mL/min/m2 (range 11.0-31.7 
mL/min/m2). The child’s terminal t1/2 was 3.6 
hours as compared with the published median 
t1/2 of 4.1 hours (range 2.0-7.8 hours). Based on 
the retrospective review and the case report, it 
appears that etoposide should be dosed based 
on BSA calculated using TBW in obese children, 
similarly to normal-weight children.

Methotrexate
Sauer et al.55 report a case of toxic methotrexate 

concentrations and nephrotoxicity in a 16 year-
old male who was treated for ALL. The child 
had received multiple chemotherapeutic agents 
as part of his protocol. He received intrathecal 
methotrexate as part of the consolidation, interim 
maintenance, and reconsolidation phases. He re-
ceived intravenous (IV) methotrexate beginning 
at 100 mg/m2, with escalating dose. During the 
second interim maintenance phase, he received 
250 mg/m2 IV methotrexate. His weight was 110 
kg and height 170 cm, which yielded a calculated 
BMI of 38.1 kg/m2. The child’s chemotherapy 
doses were based on his actual BSA of 2.3 m2. 
Three days following the 250 mg/m2 dose of 
IV methotrexate, the child was found to have 
an elevated SCr concentration of 2.8 mg/dL 
(baseline was 0.6 mg/dL) and decreased GFR of 
25 mL/min/1.73 m2. Findings from a renogram 
suggested acute tubular necrosis. The methotrex-
ate concentration of 2.9 micromol/L, measured 
four days after the dose of IV methotrexate, 
was “supratherapeutic.” The child improved 
after administration of folinic acid rescue and 
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IV fluids containing sodium bicarbonate. The 
authors make reference to a case report of 4 
normal-weight adults who had nephrotoxicity 
following an intermediate dose (200 mg/m2) 
of methotrexate.56 It is unclear how the child’s 
obesity might have related to the toxicity he had 
with methotrexate, given that other risk factors 
were not reported. 

In the retrospective review by Hijiya et al.46, no 
significant difference was identified in mean CL 
of high-dose methotrexate for the normal-weight 
(114.1 mL/min/m2), risk-of-overweight (115.3 
mL/min/m2), and overweight (114.9 mL/min/
m2) children (p=0.47). Of note, high-dose metho-
trexate (1500 mg/m2) was used for induction. 
On the basis of this information, a reasonable 
approach would be to dose methotrexate based 
on BSA calculated using TBW and to monitor 
clinically for signs of toxicity.

Teniposide
In the retrospective review by Hijiya et al.46, 

no significant difference existed in mean CL of 
teniposide for the normal-weight (14.0 mL/min/
m2), risk-of-overweight (12.1 mL/min/m2) and 
overweight (14.2 mL/min/m2) children (p=0.35). 
This finding suggests that teniposide should be 
dosed based on BSA calculated using TBW.

Neuromuscular Blockers
One dose-response study of the neuromuscular 

blocking agent succinylcholine was available.57 
Succinylcholine is an ionized drug that is rapidly 
metabolized in the plasma by pseudocholinester-
ases to succinylmonocholine, which is eliminated 
renally.25 Rose et al.57 studied 30 children 9 to 
15 years old who had a BMI > 30 kg/m2. The 
purpose of the study was to determine the po-
tency of succinylcholine in obese children. These 
children received ranitidine, metoclopramide, 
and midazolam preoperatively. Anesthesia was 
induced with thiopental and fentanyl. Neuro-
muscular blockade was monitored at baseline 
and after administration of succinylcholine using 
the response of the adductor pollicis muscle to 
supramaximal train-of-four stimuli of the ulnar 
nerve at 10 second intervals for 30 seconds. The 
first 20 children were randomized to receive 
succinylcholine (100 mcg/kg or 250 mcg/kg) 
based on TBW. The subsequent 10 children re-
ceived succinylcholine (150 mcg/kg) based on 
TBW because the investigators estimated this to 

be the dose that produced a 50% depression of 
neuromuscular function, otherwise known as 
the effective dose (ED50). The authors used linear 
regression to determine the ED to depress 50%, 
90%, and 95% of the baseline twitch (ED50, ED90, 
and ED95). The estimated ED50, ED90, and ED95 
were reported in mcg/kg TBW: 152.8 (95% CI, 
77.8-299.5), 275.4 (95% CI, 142-545.7), and 344.3 
(95% CI, 175.3-675.3). The authors compared 
these values with those obtained in a similar 
study of succinylcholine that involved 40 normal-
weight children 11 to 15 years.58 The ED50 and 
ED95 ± SD, reported in mcg/kg TBW, were 147 ± 
32 and 270 ± 70. The authors concluded similar 
potency of succinylcholine in obese and normal-
weight children and recommended the dose be 
based on TBW.

Although information to guide dosing of 
neuromuscular blocking agents is available only 
for succinylcholine, it is likely that the dosing 
requirements for the other neuromuscular block-
ers can be determined using clinical monitoring. 
The child’s clinical condition and organ function 
should be considered when dosing these agents 
for obese children.

Vaccines
Hepatitis B

Minana et al.59 studied 427 children to examine 
immune responsiveness to the hepatitis B vac-
cine and to predict the duration of protection. 
Children 12 years of age received 3 intramuscular 
(into deltoid muscle) doses of hepatitis B vaccine 
(20 mcg) at 0, 1, and 6 months. One month after 
the last immunization, the children were tested 
for serum concentrations of antibody to hepatitis 
B surface antigen (anti-HBs), which were mea-
sured using radioimmunoassay. Weight, height, 
and BMI data were tested for a correlation with 
anti-HBs concentrations. A significant weak cor-
relation was found between BMI and anti-HBs 
concentrations (r= -0.118; p=0.015). The median 
anti-HBs concentrations were lower in obese 
children than in normal-weight children (34,186 
IU/L vs 47,186 IU/L). Obesity was defined as 
a BMI > 90th percentile. All of the children had 
anti-HBs concentrations that were above the 
recommended threshold of 10 IU/L.

Tetanus
Eliakim et al.60 examined inflammatory 

mediators, circulating immunoglobulins, and 
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tetanus antibodies in overweight and normal-
weight children who had received childhood 
immunizations at the recommended intervals 
per parent report. The timing of the last tetanus 
immunization relative to the study period was 
not provided. The study participants were 15 
overweight children—with overweight defined 
as BMI > 85th percentile—and 15 normal-weight 
children, with the latter serving as age-matched 
controls. Children were between 8 and 17 years 
of age (mean, 13 years). Overweight and normal-
weight children had a mean BMI ± SD of 29.1 
kg/m2 ± 6.2 kg/m2 and 18.4 kg/m2 ± 2.7 kg/m2, 
respectively, and a mean percentage of fat ± SD 
of 36.2% ±7.7% and 18.9% ± 5.4%, respectively. 
The mean concentration ± SD of antitetanus im-
munoglobulin G (IgG) was significantly lower for 
overweight (2.6 ± 2.3 IU/mL) than for normal-
weight (4.2 ± 1.9 IU/mL) children (p<0.05). The 
authors noted that the antitetanus IgG concentra-
tions were above the recommended threshold of 
0.1 IU/mL in all children.

General Conclusions about Vaccines
It is unclear whether obese children have an 

altered immune response to vaccines or whether 
factors such as dose relative to body size, absorp-
tion from injection site, or distribution of the 
injected vaccine contribute to a reduced response 
to immunization. Given that the antibodies pro-
duced to tetanus and hepatitis B immunization in 
overweight and obese children were well above 
the recommended threshold, there is probably 
minimal clinical significance of a reduced re-
sponse to immunization. Overweight and obese 
children should receive the same immunization 
doses as normal-weight children in accordance 
with local immunization guidelines. 

Vitamin D
In an open-label study, Rajakumar et al.61 

compared the vitamin D status and response to 
supplementation during the winter months in 21 
obese and 20 normal-weight African American 
children 6 to 10 years of age. Obesity and was 
defined as BMI > 95th percentile, and normal-
weight was defined as BMI 5 th to 75th percentile. 
Children were required to complete a validated 
food frequency questionnaire and were supple-
mented with vitamin D3 400 units daily for one 
month. Serum 25-hydroxyvitamin D (25[OH]D); 
1,25-dihydroxyvitamin D (1,25[OH]2D); calcium; 

phosphorus; and other markers were assessed 
at baseline and at completion of the study. The 
obese and normal-weight children were matched 
for age, sex, skin color, and pubertal maturation. 
The mean weight ±SD for the obese children was 
49.1 ± 14.3 kg, and for the normal-weight children 
it was 29.9 ± 5.8 kg. The mean BMI ± SD for the 
obese children was 25.5 ± 4.8 kg/m2, and for the 
normal-weight children it was 16.3 ± 0.9 kg/m2. 
Obese children had a significantly lower mean 
± SD vitamin D intake than the normal-weight 
children (218.1 IU/day ± 112 IU/day vs 339 IU/
day ± 153 IU/day). At baseline, the obese and 
normal-weight children were similar for serum 
25(OH)D; 1,25(OH)2D; calcium; and phosphorus. 
After 1 month of supplementation, no significant 
difference existed between the groups in the pro-
portion of vitamin D deficiency or insufficiency. 
The proportion of vitamin D deficiency decreased 
from 57% to 24% in the obese group and from 
40% to 11% in the normal-weight group (p>0.05). 
The proportion of vitamin D insufficiency de-
creased from 24% to 5% in the obese group and 
from 25% to 11% in the non-obese group (p>0.05). 
Despite potential confounding of results by di-
etary vitamin D intake in this study, the findings 
suggest that obese and normal-weight children 
have similar vitamin D status and respond simi-
larly to vitamin D supplementation.

CONCLUSIONS

It is difficult to make generalizations about the 
pharmacokinetic differences between obese and 
normal-weight children because of the paucity 
of trials that include obese children. In general, 
drug absorption is unlikely to be affected by 
obesity. The Vd, as expressed per kg of TBW, is 
likely higher for lipophilic drugs and lower for 
hydrophilic drugs in obese children compared 
children of normal weight. To our knowledge, 
no published information exists about phase I 
(e.g., oxidation) or phase II (e.g., conjugation, 
glucuronidation, or sulfation) metabolism in 
obese children. No validated equation exists for 
estimating GFR in obese children; however, the 
SCr concentration is higher in obese children than 
normal-weight children.

The available pharmacokinetic and dosing 
information suggests that TBW is an appropriate 
size descriptor for calculating doses of antineo-
plastics, cefazolin, and succinylcholine in obese 
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children. This is because no difference exists in 
CL as expressed per kg of TBW between obese 
and normal-weight children for cefazolin and 
no difference in CL as expressed per m2 between 
obese and normal-weight children for any of the 
antineoplastics studied. Additionally, no differ-
ence exists in effective dose as expressed per kg of 
TBW between obese and normal-weight children 
for succinylcholine. Initial tobramycin doses may 
be calculated using an ABW, although using TBW 

and monitoring tobramycin serum concentra-
tions would also be an appropriate strategy.

The available data are limited by small num-
bers of children in some of the studies, as well 
as the type of studies. Case reports, retrospective 
studies, and open-label studies have inherent de-
sign limitations. Additionally, the use of historical 
controls for normal-weight children in the con-
text of a pharmacokinetic study in obese children 
is not ideal. The number and type of drugs that 

Table. Recommended.Dosing.Weight.for.Selected.Drugs.in.Children.and.Adults

Drug Obese adult Obese child Comment

Antibiotics

Aminoglycosides ABW=IBW.+.0.4.(TBW-
IBW)13,17

May.use.TBW24.or.ABW* Monitor.serum.
concentrations.

Carbapenems Maximum.doses.may.be.
required13

TBW* Doses.exceeding.adult.
maximum.not.evaluated

Cephalosporins Increased,.possibly.doubled,.
doses13

TBW13 Doses.exceeding.adult.
maximum.not.evaluated

Vancomycin TBW13,17 TBW* Monitor.serum.
concentrations.

Anticonvulsants

Carbamazepine IBW17 IBW*

Phenytoin Loading.dose.based.on.ABW.
=.IBW.+.1.33.(TBW-IBW);17,62.

IBW.for.maintenance.doses

TBW.for.loading.dose;.IBW.
for.maintenance.doses*

Consider.clinical.condition.
and.extent.of.obesity.when.
determining.loading.doses.

Miscellaneous

Benzodiazepines IBW16,17 IBW* May.require.a.loading.dose.
based.on.TBW.or.multiple.
“mini”.loading.doses;15..
Monitor.clinically.

Digoxin IBW.for.loading.and.
maintenance.doses16

IBW*

Lidocaine TBW.may.be.used.for.
loading.dose...IBW.for.
maintenance.doses16

TBW.may.be.used.for.
loading.dose...IBW.for.
maintenance.doses*

Consider.extent.of.obesity.in.
determining.loading.doses.

Lithium IBW.for.loading.dose;..
May.need.larger.mg/kg.
maintenance.doses.based.
on.IBW.17

IBW.for.loading.dose;.
May.need.larger.mg/kg.
maintenance.doses.based.
on.IBW.*

Opioids IBW16,17 IBW* Intermittent.doses.may.be.
preferred.to.continuous.
intravenous.infusions..15.
Monitor.clinically.

Theophylline IBW16 IBW*

ABW, adjusted body weight; IBW, ideal bodyweight; TBW, total body weight; 
*Extrapolated from adults
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have been studied also limit our understanding 
of the pharmacokinetics in obese children. No 
information exists on using any of the follow-
ing types of drugs in obese children: opioids; 
antibiotics such as penicillins, carbapenems, 
vancomycin, and linezolid; antifungals; cardiac 
drugs such as digoxin and amiodarone; cortico-
steroids; benzodiazepines; and anticonvulsants. 
In particular, no information exists about drugs 
that are widely distributed to or can accumulate 
in adipose tissue. In the absence of information 
for dosing drugs in obese children, practitioners 
should consider the nature and severity of the 
child’s illness, the extent of the child’s obesity, 
any comorbidities and organ function, as well as 
the toxicity of the drug. Providers can extrapolate 
from available adult data (Table), as long as they 
consider the effects of growth and development 
on the pharmacokinetics relevant to the child’s 
age. Lastly, the physiochemical properties of the 
drug should be considered. 
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